Epidemiological aspects of the relationship between mental disorders and coronary heart disease
Severe mental illnesses and coronary heart disease People with severe mental illness (SMI), including schizophrenia, bipolar disorder (BPD) and major depressive disorder (MDD), have an average mortality rate that is 2 to 3 times higher than the general population, corresponding to a 10-to 25-year shortened life expectancy. 14 As in the general population, CVD are the most common cause of death in people with SMI. 6, 14, 15 According to the most comprehensive metaanalysis of CVD risk in people with SMI conducted to date, including 3 211 768 patients and 113 383 368 controls, SMI patients, as a group, have a statistically significantly increased risk of CHD versus controls (a 51% higher risk in cross-sectional studies and a 54% higher risk in longitudinal studies). 16 Although people with schizophrenia and MDD (versus controls) were found to be at increased risk for CHD, those with BPD were not ( Table I) . Despite this, BPD was significantly associated with CVD in longitudinal studies. The study also showed that SMI patients are at an increased CVD risk worldwide. CVD risk-reducing interventions in SMI patients are therefore needed with the same ur- Table I . Meta-analytic results of studies on coronary heart disease risk of patients with severe or other mental illnesses. 16, 54, 60 Statistically significant results are indicated in bold
Meta-analytic results of cross-sectional studies
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Adjusted odds ratio 95% Confidence Interval (P value) gency across all regions of the world, particularly as recent data indicates that the management of physical diseases in the SMI population, despite earlier recommendations, 6 has been much less successful as hoped. 15 
Depression and coronary heart disease
Although the association between depression (defined here as either MDD or significant depressive symptoms with substantial functional impairment) and CHD has been best studied in patients with existing CHD, 17 a bidirectional relationship between both is now well established. 12, [18] [19] [20] Moreover, this association may not only involve bidirectional causation but also common pathophysiology (see below). 18, 20 Depression in patients with existing coronary heart disease The prevalence of depression is, compared with the general population, significantly higher in patients with CHD. 12 More than one fifth of all patients with CHD are depressed (with the risk of depression highest in the most severe CHD cases), and up to one third of them report elevated depressive symptoms. These are prevalence figures that are at least 4 times greater than in the general population. 18, [21] [22] [23] Although the prevalence of depression in established CHD is higher in women than men, depression is more strongly related to a worse cardiac prognosis in men than in women. 24 The cardiotoxic effects of depressive symptoms have been consistently observed despite the continual improvement in cardiovascular interventions, medications, and care. 22 As a dose-response relationship seems to exist between depressive symptoms and cardiac events in patients with CHD, 17, 22 these patients are at increased risk for recurrent cardiovascular events and mortality. 22, 25 A meta-analysis of over 25 years of research into the relationship between post-MI depression and cardiac prognosis showed that post-MI depression is associated with a 1.6-to 2.7-fold increased risk of impaired outcomes within 24 months. 26 Although some studies have found that the association between depression and cardiovascular outcomes does not persist after control of confounding factors, many others (eg, ref 27) have been able to demonstrate an independent contribution of depression, beyond that which may be explained by confounding variables, such as smoking, physical inactivity, hypertension, obesity, and cardiac disease severity in patients with existing CHD. This finding has led to the American Heart Association's recommendation that depression has to be considered as a risk factor for poor prognosis after acute coronary syndromes (ACS), such as MI. 17, 28 This statement was historic in that it represented the first "psychological" variable to be officially recognized by a major national health organization as a risk factor for vascular outcomes. 17 Depression and the development of coronary heart disease Although results from older reviews and meta-analyses [29] [30] [31] [32] [33] [34] have been inconsistent, later ones, including more rigorous and prospective data [16] [17] [18] [19] 25, 35 have shown that depression constitutes an independent (ie, confounderadjusted) risk factor for CHD morbidity and mortality. 12, 21, 36 According to a meta-analysis of 30 prospective cohort studies (N=893 850), individuals with depression, compared with nondepressed persons, experience a significant increased risk of 30% (RR=1.30, 95% CI:1.22-1.40) for CHD. 35 Another meta-analysis of prospective cohort studies (N=323 709) has found that depression was associated with a 31% increase in the risk of MI (adjHR=1.31, 95% CI:1.09-1.57) and a 36% increase in the risk of coronary death (adjHR=1.36, 95% CI:1.14-1.63), compared with nondepressed persons. 19 
Bipolar disorder and coronary heart disease
The association between BPD and CVD is less commonly recognized 9 due to fragmentary and contradictory data. Although the most comprehensive meta-analysis of CVD risk in people with SMI did not find an increased risk of CHD in people with BPD, 16 it nevertheless did find that BPD was significantly associated with CVD in longitudinal studies. This is in line with the results of several other reviews and meta-analyses showing that the risk of CVD-related death may be as much as doubled in BPD, compared with the general population. 37, 38 Evidence suggests that individuals diagnosed with BPD may have a 1.5-to 2.5-fold increased risk of CVD. 9, 38, 39 Despite these controversial findings, it seems that CVD are responsible for about 35% to 40% of bipolar deaths, and that people with BPD who die from CVD tend to do so earlier than their non-bipolar counterparts. 37 Moreover, according to a scientific statement from the American Heart Association, BPD (and MDD) among youth are moderate-risk conditions that predispose to accelerated atherosclerosis and early CHD. 9 
Schizophrenia and coronary heart disease
The preponderance of evidence suggests that patients with schizophrenia or other psychoses are at significantly higher risk for cardiovascular morbidity and mortality than their counterparts in the general population. 6, 14, 16, 40, 41 Although the first systematic review and meta-analysis of cohort studies (N=422 698) confirmed that schizophrenia indeed is significantly associated with an increased risk for CVD, no significant increased risk for CHD (RR=1.20, 95% CI:0.93-1.53) was found. 42 This is not in line with the results of the above mentioned largest meta-analysis of CVD risk in people with SMI conducted to date. 16 The negative findings of the former meta-analysis could be explained partially by the under-diagnosis rate of CHD among patients with schizophrenia. 42 A recent study indicated that patients with schizophrenia die 10 years earlier from CVD, including CHD, than people in the general population.
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Anxiety disorders and coronary heart disease
Anxiety symptoms and disorders in patients with existing coronary heart disease
The role of anxiety in CHD risk has been less studied. 40, 44 Although anxiety has been clinically linked with CHD for more than 100 years, the association between these conditions remains to be clarified. 7, 22, [45] [46] [47] Findings suggest that anxiety symptoms (commonly referred to as psychological distress) 48 or disorders (excluding posttraumatic stress disorder, which will be discussed in a separate section) are common in patients with CHD (for example the prevalence of panic disorder in CHD populations can be as high as 22%), 47 and may be associated with a substantial increase in cardiovascular morbidity and mortality. 25, 40, [44] [45] [46] [47] [49] [50] [51] This association holds across the spectrum of anxiety disorders. 8 Of all anxiety disorder subtypes, generalized anxiety disorder in particular may increase the risk for major adverse cardiac events in CHD patients. 44, 52 Stewart et al 51 have found that persistent moderate or severe psychological distress assessed over 4 years was associated with a 2-fold to 4-fold increased risk of cardiovascular mortality in patients with stable CHD over the following 12 years. In contrast, distress which was mild or not persistent was not clearly associated with increased mortality. In a meta-analysis of 10 large prospective cohorts with 68 222 subjects, a dose-related association between psychological distress and cardiovascular (including CHD) mortality was found during a mean follow-up of 8.2 years (with a 22% increased risk of CVD death, HR=1.22, 95% CI:1.14-1.31). 48 Other research (eg, ref 53) confirms that episodes of psychological distress, which are not permanent, are associated with a lesser increase in risk.
Anxiety symptoms and disorders and the development of coronary heart disease
It seems that anxiety symptoms or disorders may be associated with a mild-to-moderate increased risk of developing CHD. 25, 40, [44] [45] [46] [47] [49] [50] [51] 54 Three meta-analyses, 46, 49, 54 published in the last decade, reinforced the findings of prior studies that anxiety (disorders) can be associated with incident CHD. According to the most recent of these, 54 anxiety is associated with a 41% higher risk of developing CHD (RR=1.41, 95% CI:1.23-1.61, P<0.0001, Table I ). Phobic anxiety was more strongly associated with incident CHD than general/unspecified anxiety. Another meta-analysis of 20 studies (N = 249 846), assessing the association of anxiety (ie, anxiety, panic, phobia, and worry) with incident CHD, found that initially healthy individuals with high anxiety had a 26% increased risk for incident CHD (HR=1.26, 95% CI:1.15-1.38, P<0.0001), independent of demographic variables, biological risk factors, and health behaviors. 49 Although all these findings are significant, it should be noted that high levels of heterogeneity relating to methodological differences among studies exist and that the risk associated with anxiety probably is not as great as that associated with depression. [46] [47] Sensitivity analyses have shown that it is likely that the exclusion of depression (which is highly correlated with anxiety) substantially reduces the risk of CHD (or attenuates the relationship between anxiety and poor cardiac outcomes in patients with CHD). 22, 45, 46, 52 The extent to which depression and anxiety disorders jointly and independently contribute to CHD risk should therefore be clarified.
Posttraumatic stress disorder and coronary heart disease
Posttraumatic stress disorder in patients with existing coronary heart disease Sudden cardiac events, followed by an intrusive experience of treatments such as coronary surgery, can be potentially traumatic, leading to the development of posttraumatic stress disorder (PTSD). 55 According to a recent systematic review, including 150 studies, the prevalence of cardiac disease-induced PTSD shows a large variance (ranging from 0% to 38%), averaging at 4% to 16% depending on the diagnostic tool used. 55 PTSD symptoms occur in 10% to 25% of patients with ACS. [56] [57] The prevalence rates of PTSD in cardiac patients seem to be comparable to reports of prevalence rates of lifetime PTSD in the general population, as well as to rates of PTSD among those exposed to other kinds of traumatic events. Thus, while a minority of cardiac patients do develop PTSD symptoms, most experience distress that diminishes over time. 55, 57 Developing clinically significant PTSD symptoms due to ACS doubles the risk (RR=2.00, 95% CI:1.69-2.37) of having recurrent ACS or dying within 1 to 3 years, compared with cardiac patients who do not develop these symptoms. 58 
Posttraumatic stress disorder and the development of coronary heart disease
Evidence is accumulating that experiences of persistent or intense stress and PTSD may be independently associated with an increased risk of developing CHD over a relatively short period. 22, 25, 57, [59] [60] [61] [62] A systematic review and meta-analysis of studies that assessed PTSD in individuals initially free of CHD (N=402 274), found that PTSD was associated with a 27% increased risk for incident CHD or cardiac-specific mortality (HR=1.27, 95% CI:1.08-1.49), after adjustment for numerous confounding variables, including depression ( Table I) . 60 A prospective cohort study on the impact of combat deployment and PTSD on newly reported CHD among US active duty and reserve forces has found that deployment on combat (versus non-combat) missions was associated with a 63% increased risk of new-onset CHD (adjOD=1.63; 95% CI: 1.11-2.40). 62 A twin study with 281 pairs, found that the incidence of CHD was more than double in twins with PTSD (22.6%), compared with those without PTSD (8.9%)(P<0.0001), over a median follow-up of 13 years. This association remained robust after adjusting for lifestyle factors, other CHD risk factors, MDD, and other psychiatric diagnoses (OR=2.1, 95% CI:1.1-3.9, P<0.02).
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Other mental disorders
Although severity of mental illness may be important in the risk for subsequent CHD, the link between mental disorders and CHD risk probably is not confined to those patients with more chronic or more severe illness. A large-scale Swedish study (N=1 107 524) showed that the association between mental illness and CHD is present across a wide range of mental disorders, including adjustment disorders, personality disorders, alcohol-related disorders, and other substance use disorders, with higher CHD risks ranging from 35% to 92%, compared with those who were not diagnosed with the disorder in question. 40 
Pathophysiological aspects of the relationship between mental disorders and coronary heart disease
Mental disorders and CHD appear to have a shared etiology. The underlying mechanism of how mental disorders contribute to CHD is, however, complex and has not been fully elucidated. 12, 19, 61 Plausible pathways for the increased risk of CHD in people with mental disorders fall into several categories: biological, behavioral, psychological, and genetic mechanisms.
Biological mechanisms
Many biological mechanisms have been proposed to be implicated in the association between mental disorders and CHD. Mental disorders have been associated with autonomic nervous system (ANS) dysfunction (diminished heart rate variability, hypertension, increased variability in the QT interval, increased dispersion of the QT and P-wave), hypothalamic-pituitaryadrenal (HPA) axis dysregulation, inflammation, lipid pattern abnormalities, oxidative stress, and increased platelet reactivity. These physiological processes are all involved in the development and progression of CHD. 9, 11, 12, 17, 19, 20, 44, 47, 52, 57, [59] [60] [61] 63, 64 T r a n s l a t i o n a l r e s e a r c h
Hypothalamic-pituitary-adrenal axis dysregulation
Elevated cortisol levels as a result of enhanced activity of the HPA axis 65 are a possible biological mechanism in the link between mental disorders and CHD. 7, 12, 17, 65 Cortisol participates in the pathophysiological processes that contribute to atherogenesis. 20 HPA hyperactivity and elevated cortisol levels have been documented in several mental disorders (ie, depression, anxiety disorders, and schizophrenia). 12, 17, 66 However, a relationship between the HPA axis dysregulation and anxiety has not been found in all studies of PTSD, and might be even less robust in studies of other anxiety disorders. 64 
Autonomic nervous system dysfunction
The ANS is divided into the sympathetic and parasympathetic systems that act to control heart rate, blood pressure, vasodilation, and other critical functions. Hyperactivity of the sympathetic system can increase the risk of poor cardiovascular outcomes, including death. 57 Patients with mental disorders, such as MDD and anxiety disorders, tend to have higher levels of circulating catecholamines, a marker of sympathetic activation, causing increases in heart rate and blood pressure while at the same time decreasing coronary blood flow and increasing systemic vascular resistance. 7, 20, 61 These processes may contribute to the excess risk of CHD associated with these disorders. 12 Another marker of ANS dysfunction is decreased heart rate variability (HRV). Decreased HRV, known to be an independent risk factor for cardiac mortality, 12, 18 is observed across several mental disorders, including MDD, schizophrenia and anxiety disorders, and CHD. 8, 11, [66] [67] Inflammation Inflammation might be a shared etiological factor for both mental disorders and CHD. 20 The role of inflammation in the development and prognosis of CHD has been described extensively in the cardiovascular literature. 20 Studies have demonstrated that inflammation contributes to the development, sustainment, and progression of atherosclerosis. 12, 17, 57, 68 Inflammation entails endothelial dysfunction (characterized by a loss of vasodilatory and anti-inflammatory factors and a gain of vasoconstrictive and proinflammatory factors), an early pathological event in the development of atherosclerotic CVD. 7, 57, 69 Increased levels of inflammatory biomarkers [including interleukin (IL)-1 and IL-6 and C-reactive protein, (CRP)], predicting CVD and events, 70 have been demonstrated for MDD, schizophrenia, and BPD. [17] [18] [71] [72] [73] [74] [75] Data suggests that antidepressant treatment tends to have a normalizing effect on the proinflammatory states seen in depression. 12, 17 Increased platelet reactivity Thrombus generation resulting from platelet activation and aggregation is the established main process involved in atherosclerotic vascular diseases, including CHD. 36, 76 Several studies support the hypothesis that MDD is associated with increased platelet reactivity. 7, 18, 21 Given the established link between serotonin and depression and the fact that the body's serotonin is almost exclusively stored in platelets along with the fact that increased platelet reactivity is firmly linked to CHD, 36, 76 platelet dysfunction is a logical mechanism linking depression and CHD.
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Medication
The use of antipsychotic medication and, to a lesser extent, antidepressants and mood stabilizers, may increase the risk of CHD. 14, 39, 63, 77 In addition to obesity and other cardio-metabolic-related mechanisms, a direct effect of antipsychotics on cardiovascular risk may exist. For example, ANS dysfunction triggered by schizophrenia may be exacerbated by antipsychotic treatment through blockade of peripheral dopamine receptors, increasing sympathetic activity.
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Behavioral mechanisms
Evidence suggests that, in addition to biological mechanisms, behavioral mechanisms are substantially involved in the relation between mental disorders and CHD. 12 Depression, schizophrenia, and BPD, as well as other mental disorders such as anxiety disorders have been associated with a range of behaviors that may increase the risk of cardiac morbidity and mortality. More specifically, people with these disorders display generally unhealthy behaviors (high-fat diet, smoking, alcohol or other substance use, lack of physical exercise), which are also well-established risk factors for CHD. Moreover, these patients mostly have poor medication adherence (to cardioprotective and other prescribed medications), and low adherence to rehabilitation programs. 8, 11, 12, [17] [18] [19] 40, 44, 47, 52, 57, 61 
Psychological mechanisms
The influence of psychological factors on the etiopathogenesis of CHD is unquestionable. Among these factors mainly personality and emotional factors, such as anxiety, depression, and stress play an important role. 7 Although large clinical trials raise doubts about the influence of Type A personality (including competitiveness and hostility) on CHD risk, some evidence indicates that Type D personality (including negative affectivity and social inhibition) may be associated with plaque vulnerability, after adjustment for other risk factors. 78 Stress and anxiety cause excess activation of the HPA axis and sympathetic nervous system, leading to higher cortisol and catecholamine levels, respectively. Through these changes they can lead to inflammation, metabolic abnormalities, platelet activation, endothelial dysfunction, hypertension, and insulin resistance, ultimately leading to atherosclerosis and to the development and/or progression of CHD. 8, 11, 22, 36, 44, 47, 52, 57 Depression and impairments in social functioning (lack of family support, solitude) can increase CHD risk in patients with PTSD. 7, 59 Sleep disturbances may further increase CHD risk in these patients. 59 In individuals with BPD psychological factors such as childhood trauma, stress, and some personality features have been hypothesized to contribute to both CHD in BPD patients and BPD itself.
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Genetic mechanisms
Schizophrenia, MDD, BPD, and cardiometabolic diseases are highly heritable. Genetic factors contribute to 31% to 42% in MDD, 30% to 40% in anxiety disorders, 59% to 85% in BPD, 30% to 60% in CHD, and up to 80% in schizophrenia. 10, 64, 79 Twin studies and molecular genetic studies have revealed relatively modest genetic correlations between cardio-metabolic abnormalities, CHD and mental disorders. 9, 20, 63 These observations suggest potential pleiotropic effects of a shared gene locus that is associated with mental disorders and cardiometabolic diseases.
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Comorbid conditions
The association between mental disorders and CHD is often complicated by comorbid psychiatric conditions. 57 Several mental disorders, including SMI and anxiety disorders, are correlated with comorbid conditions such as obesity, hypertension, dyslipidemia (elevated triglycerides and decreased high-density lipoprotein [HDL] cholesterol), glucose intolerance or insulin resistance, all known to be associated with an increased risk of CHD. These abnormalities are major characteristics of the metabolic syndrome, that confers a 3-to 6-fold increased risk of mortality due to CHD. [6] [7] [8] 19, 42, 57 Lifestyle and behavioral patterns (smoking, physical inactivity, poor dietary habits), as well as medication can play important roles in the prevalence of the metabolic syndrome in patients with mental disorders.
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Conclusion
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